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0 A supported metailocene-allumoxane catalyst for high pressure polymerization of olefins and a 
method of preparing and using the same. 

0 This invention relates to a process for preparing a supported metaltocene aiumoxane catalyst for use in the 
high pressure polymenzation of olefins. The invention particularly relates to the use of silica gel having a particle 
size less than lO microns containing from about 5 to about 20 per cent by weight adsorbed water as the catalyst 
support matenaJ. It has been found that such silica gel may be safely added to an aluminum trialkyi solution to 
form by direct reaction with the adsorbed water content of the silica gel catalyst support matenal the aiumoxane 
component of the catalyst system. An aiumoxane coated silica gel is formed to which a metallocene may be 
added and the resulting matenal dried to free flowing powder. The dried free flowing powder may then be used 
as a catalyst for high pressure polymenzation of olefins. 
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A SUPPORTED METALLOCENE-ALUMOXANE CATALYST FOR HIGH PRESSURE POLYMERIZATION OF 
OLEFINS AND A METHOD OF PREPARING AND USING THE SAME 

This invention relates to a supported metallocene alumoxane catalyst and a method of preparing and 
using the same .n the h.gh pressure polymerization of olefins. The mvention particularly relates to a 
upported metallocene-alumoxane catalyst derived from a silica gel having an average PJ^-c s^« 
than lOu and containing from at>out 8 to about 15 per cent by weight adsorbed water. Such silica gel may 
5 be added to an aluminum tnalkyl solution to form, by direct reaction w.th the adsorbed water content of the 
silica gel catalyst support matenal. the alumoxane component of the catalyst system. A metallocene may 
tJadded to theTumoxane coated s,..ca gel and the resulting material dned to a tree ftowing powde. 
T^e dry free (lowing powder having a particle size less than lOu can be successful^, fed through the 
catalysTfeedIng pump of reactors noonally employed for the polymenzation of olefins at h.gh pressures. 
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BACKGROUND OF THE INVENTION 

The pnor art has long recognized the usefulness of catalyst systems comprising a metallocene and an 
alummum al.yl in the pJymeSation of olefins at pressures lower than 20 bar. In the past decade ca^ly« 
systems compnsing metallocenes such as b,s-(cyciopentadienyl) titanium or zirconiurn d'^-JV'^J^^^ Q 
aluminum alkyl/water cocatalyst component have been disclosed for ^« P^'^'^^'"**"" °' ^^^^^"^^ 
example European Patent Application No. 0035242 discloses a gas phase polymenzation process fo 
p eT^ing emy.ene and atactic propylene polymers .n the presence of a cyclopentadienyl transi.on metal 
SLttTnd a^ Imoxane. See further U.S. Patent No. 4.431.788 and German Patent No. 3.240,382. herein 

'""^"Stch' :SSne alumoxane catalysts exhibit h.gh activity and efficiency for the PO'V-rization 
Of Olefins, three factors have prohibited the.r commercial use as olefinic polymerization catalysts under h.gh 

'^"""rHrarHf Tur^ane Production . An alumoxane is formed from the highly rapid ^d ' 
reaction oTiiTllumiT^I^J^rilkTrwlm^^ of the extreme violence of the 

cocatalyst component has previously been separately prepared by one of two genera 
method referred to as the "wet solvent production method", extremely finely divided water^ 
^'m of a humid solvent, is added to a solution of aluminum alkyl in toluene or other aromatic ^W^rocart^n^ 
30 -^e production of an alumoxane by this process requires use of explosion-proof ^'-P";!"^^^"^^^^^'^ 
control of the reaction conditions In order to reduce potential fire and «'^P'°^7 J^f 
method is often referred to as the "hydrated salt method". In this process jn 

with a hydrated salt, such as hydrated copper sulfate. A slurry of finely dwided ^°PP«;^\""^2.TS^'str^ 
and toluene .s formed and mantled under an inert gas. Aluminum alkyl is .^'^^'^ ^ 
35 with stimno and the reaction mixture is maintained at room temperature for 24 to 48 hours during which a 
" rw hyd:^ly"s occurs by which alumoxane is produced. Although the production of alumoxane by tt^e 
hydrati salt method significantly reduces the explosion and ^'^^ ^^^'T'^^'^'Jl^l'^^^^ 
nroduction method, production of the alumoxane must nevertheless be earned out separately^ The process 
Tslo s"w and prepuces hazardous wastes that create disposal problems. Further, '^f °- "^^^^^^ 
40 can be used for the production of an active catalyst complex the hydrated salt reagent must f« separated 
" m the a^moxane To prevent .t from becoming entrained in the catalyst complex and thus contaminating 

any polymer produced therewith. whirh 

2 High Cost. Due to the hazard of producing alumoxane. the cost of alumoxane is very high, wh.ch 

makes it less attractive for commercial application. . ^, „ ^^.=ir hvrirocarbon 

3 Toxicity of Al umoxane. Aromatic Solution . Methylalumoxane is more soluble in polar ^V^^rocarbon 
solvent su-^a75 mat.c hydrocarbons, is the most commonly used solvent ^^'^l^^l^^^^^ 
presence of aromatic residues ,n polymer oroducts is a health concern which mitigates against 
commercial application of alumoxane/totuene solutions in the olefin polymerization. 

EP 170059 discloses a polymerization process m which an organo-alummum component .s used tor t e 
50 catalyst system by reacting s.l.ca or alumina support containing water at a water to ^ol-d ratK3 of to ^ 
with an aluminum tnalkyl. The support is introduced into a stirred Nqu.d medium, water is ^^^l^^-^^^J^^^ 
the aluminum tnalkyl is introduced. The reaction mixture is used directly for a slurry 

„ would be most desirable to dev.se an economical procedure whereby a '-^'^''^^^^^'f 
catalyst useful for h,gh temperature and/or high pressure polymerization procedures (not in liquid med.u 
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could be safely and economically produced. Desirably the catalyst should be one prepared without the 
necessity for using an aromatc solvent and instead can be readily prepared in non-toxic aliphatic 
hydrocartx>n solvents such as isopentane. hexane. heptane, octane and the tike. 

5 

SUMMARY OF THE INVENTION 

This invention is drawn to a supported metallocene-alumoxane catalyst complex for the polymenzation 
of olefins under high pressures and temperatures. The complex utilizes as the catalyst support material 

10 silica particles having an average particle size of less than lOu, a surface area in the range of about 10 
m^/g to about 0.5 700 m^/g, preferaoiy about 100-500 m^/g and desirably at>out 200-400 m^/g, a pore 
volume of about 3 to atx)ut cc/g and preferably 2-1 cc/g, and an adsort>ed water content of from about 5 to 
atKDut 20 weight per cent, preferably from about 8 to about 15 weight per cent. The silica gel supported 
metailocene aJumoxane catalyst can be economically and safely prepared by adding the undehydrated 

75 silica gel to a stirred hydrocartx)n solution of aluminum trialkyi in an amount sufficient to provide a mole, 
ratio of aluminum trialkyi to water of from at>out 0.5 to about 1.5, preferably 0.8 to atxxit 1.2; thereafter 
adding to this stirred solution a metailocene in an amount sufficient to provide an aluminum to transitional 
' metal ratio of from about 1000 to 1. preferably from atX5ut 500 to 10, most preferably from about 100 to 
about 20; removing the solvent and drying the solids to a free flowing powder. Drying can be obtained by 

20 modest heating or vacuum. 

The dned free flowing powder comonses a metailocene alumoxane catalyst complex absort>ed upon the 
surface of the silica gel support particles. The supported catalyst complex has an activity sufficient for use 
as a high pressure and/or high temperature polymerization catalyst for olefins. 

It has been found that the catalyst complex of this invention exhibits a tow settling rate and thereby can 

25 be successfully fed through a high pressure pump of the reactor without clogging it. Further, the molecular 
weight of the desired polymenc product can t>e conti-olled when the catalyst complex of this invention is 
employed by merely monitoring the temperature in the reactor. 



30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is directed towards a supported catalyst system for use in the high pressure 
and/or high temperature polymerization of olefins, particularly ttie polymerization of ethylene to high 
moiecular weight polyethylenes such as linear low density polyethylene (LLDPE). high density polyethylene 

35 (HOPE), very low density polyethylene (VLDPE) and lower molecular weight matenais such as polyethylene 
waxes. The polymers so produced are intended for fabrication into articles by exti^sion. injection molding, 
thermoforming, rotational molding, and the like. 

The active catalyst complex comprises a metailocene and an alumoxane formed onto the surface of a 
silica gel support material. Alumoxanes are oligomeric aluminum compounds represented by the general 

40 formula (R-AI-O)y which is believed to be a cyclic compound and R(R-AI-0-)yAIR2 which is a linear 
compound. In the general formula. "R" is a C,-C>o alkyi group such as. for example, methyl, ethyl, propyl, 
butyl, and pentyl and "y* is an integer from 2 to about 30 and represents the degree of oligomerization of 
the alumoxane. Preferably. "R" is methyl and "y" is about 4 to about 25 and most preferably 6-25. 

Generally, in the preparation of alumoxanes from, for example, the reaction of aluminum trimethyl and 

45 water, a mixture of linear and cyclic compounds is obtained. Generally, an alumoxane having a higher 
degree of otigomenzation will, for a given metailocene. produce a catalyst complex of higher activity than 
will an alumoxane having a lower degree of oligomerization. Hence, the procedure by which alumoxane is 
produced by direct reaction of an aluminum tiialkyi with an undehydrated silica gel shoukJ insure the 
conversion of the bulk quantity of the aluminum ti-ialkyl to an alumoxane having a high degree of 

50 Oligomerization. In accordance with this invention the desired degree of oligomenzation is obtained by the 
order of addition of reactants as described hereinafter. 

The metailocene may be any of the organometallic coordination compounds obtained as a cydopen- 
tadienyl derivative of a transition metal. Metallocenes which are useful for preparing an active catalytic 
complex according to the process of this invention are the mono-, bi- and tri- cyctopentadienyl or 

55 substituted cyclopentadienyl metal compounds and most preferably, bi-cyclopentadienyl compounds. The 
metallocenes particularly useful in this invention are represented by the general formulas: 
I. (CpUMR^ 

wherein Cp is a cyclopentadienyl ring. M is a Grouo 4b or 5b transition metal and preferably a Group 4d 



3 



EP 0 361 866 A1 



TO 



uansibon meiai ( Penodic Table CRS Handt>ook of Chemistry and Phystcs . The Chem.caJ Rubber Co. 
Cleveland. Ohio 46th edition). R is a hydrocarDyl group or hydrocartwxy group having from i -o 20 carbon 
atoms, X IS a halogen, and "m" is a whole number from \ to 3, "n* is a whole number form 0 to 3. and "q" 
IS a whole number from 0 to 3, 

II. (CsR\)qR\(CsR\)MQ3-g. and 

III. R\(CsRk)2MQ' 

wherein {C^R'o is a cydopentadienyl or substituted cyclopentadienyl. each R is the sanne or different and 
IS hydrogen or a hydrocarbyl radical such as alkyK aikenyl. aryl. aJkylaryl. or asylalkyl radicaJs containing 
from 1 to 20 carbon atoms, a silicon-containing hydrocarbyl radical, or a hydrocarbyl radicaJ n^rein two 
carbon atoms are joined together to form a C.-Ck nng. r" is C1-C4 aikylene radical, a dialkyi germanium or 
silicone, or an alkyt phosphme or amine radical bridging two (CsR\) rings. Q is a hydrocarbyl radical such 
as aryl. alkyl. aikenyl, alkylaryl, or arylalkyl having 1-20 carbon atoms, hydrocarboxy radical having 1-20 
carbon atoms or halogen and can be the same or different, Q' is an alkylidene radical having from 1 to 
abou^O carbon atoms, "s" is 0 or l. "g- is 0. 1 or 2; when -g" is 0. s is 0; "k- is 4 when "s" is 1 and "k" 
T5 IS 5 when s is 0 and M is as defined atx>ve. 

Exemplar/ hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl. isoamyl. hexyl. isobutyl. heptyl. 
octyi. nonyl. decyl. cetyl, 2-ethylhexyl. phenyl, and the like. Exemplary aikylene radicals are methylene, 
ethylene, propylene, and the like. Exemplary halogen atoms include chlonne. bromine and iodine and of 
these halogen atoms, chlorine is preferred. Exemplary of the alkylidene radicals is methylidene, ethylideno 
20 and propylidene. 

Of the metallocenes. zirconocenes. hafnocenes and titanocenes are most preferred. Illustrative but non- 
limiting examples of these metallocenes which can be usefully employed in accordance with this invention 
are monocyclopentadienyl titanocenes such as. cyclopentadienyl trtanium tnchlonde. pentamethyteyclopen- 
tadienyl titanium tnchlonde; bis(cyclopentadienyl) titanium diphenyi; the cart>ene represented by the formula 
25 Cp2Ti = CH2 • AI(CH3)2CI and derivatives of this reagent such^as Cp^Ti^CHz • Al(CH3h. (Cp^TiCHzh. 
CP2T1CH7CH(CH3)CH2. CP2T1CH = CHjCHj. Cp2Ti = CH2 • AIR'jCI. wherein Cp is a cyclopentadienyl or 
substituted cyiooentadienyl radical, and R' ts an alkyl. aryl. or alkylaryl radical having from I-18 carbon 
atoms; substituted bis(Cp)ri(IV) compounds such as bis(indenyl)titanium diphenyi or dichlonde. bis- 
(methyicyciopentadtenyOtitantum diphenyi or oihalides and other dihalide complexes; dialkyi. tnalkyl. tetra- 
atkyl and penta-aikyi cyclopentadienyl titanium compounds such as bis(1 .2-dimethylcyclopentadienyl>- 
tltanlum diphenyi or dichlonde. bisO .2-diethylcyclopentadienyl)ri diphenyi or dichlonde and other dihalide 
complexes: silicone, phosphme. amine or carbon bridged cyclopentadiene complexes. suctT--as dimethyl 
silyldicyciopentadienyl titanium diphenyi or dichlonde. methylenedicyclopentadienyl titanium diphenyi or 
dichlonde and other dihalide complexes and the like. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully emptoyed in accor- 
dance with this invention are. cyclopentadienyl zirconium trichloride. pentamethyk:yck>pentadtenyl zirconium 
tnchlonde. bis(cyclopentadienyl)zirconium diphenyi, bis(cyclopentadienyl)zirconium dichlonde. the alkyl 
substituted cyclopentadienes. such as bis(ethyl cydopentadienyOzirconium dimethyl bis(^-phenyl- 
proplycyclopentadienyOzirconium dimethyl. bis(methylcyciopentadienyl)2irconium dimethyl, and dihalide 
complexes of the above; di-alkyl. tn-alkyl. tetra-alkyi, and penta-alkyi cyclopentadienes. such as bis- 
{pentamethylcyclopentadienyl)zirconium dimethyl, bis(1 .2-dimethyk:yclopentadienyl)zirconium dimethyl, bis- 
(1.3-diethylcyclopentadienyl)zirconium dimethyl and dihalide complexes of the above; silicone, phosphoojs. 
and carbon bridged cyclopentadiene complexes such as dimethylsilyldicyclopentadienyl zirconium dimethyl 
or dihalide. methylphosphme dicyclopentadienyl zirconium dimethyl or dihalide, and methylene dtcyctopen- 
45 tadienyl zirconium dimethyl or dihalide. carbenes represented by the formulae CpzZr = CH2P(C*Hs)2CH3. 
and derivatives of these compounds such as Cp2ZrCH2CH(CH3)CH2- 

Bis(cyclopentadienyl)hafnium dichlonde. bis(cyclopentadienyl)hafnium dimethyl. bis<cyclopentadienyl>- 
vanadium dichlonde and the like are illustrative of other metallocenes. 

Generally the use of a metallocene which composes a bts( substituted cyclopentadienyl) zirconium will 
50 provide a catalyst complex of higher activity than a corresponding titanocene or a mono cyctopentadienyl 
metal compound. Hence bis(substituted cyclopentadienyl) zirconium compounds are preferred for use as 
the metallocene. 

Heretofore the alumoxane component of the active catalyst complex for systems used in polymenzauon 
of olefins has been separately prepared then added as such to a catalyst support matenal which is then 
treated with a metallocene to form the active catalyst complex. One procedure heretofore employed for 
preoaring the alumoxane separately is that of contacting water in the form of a motst solvent with a solution 
of aluminum tnalkyl m a suiUble organic solvent such as benzene, toluene or less preferably, an aliphatic 
hydrocarbon As before noted thts oroceoure is attendant with fire and explosion hazards which requires the 
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use of explosion-proof equipment and carefully controlled reaction conditions. In an attemativo method 
heretofore employed for the separate production of alumoxane, an aluminum alkyi is contacted with a 
hydrated salt, such as hydrated copper sulfate. The method comprised treating a dilute solution of 
aluminum alkyi in, for example, toluene, with a copper sulfate pentahydrate. A slow, controlled hydrolysis of 
5 the aluminum alkyi to alumoxane results which substantially eliminates the fire and exptos»on hazard but 
with the disadvantage of the creation of hazardous waste products that must be disposed of and from which 
the alumoxane must be separated before it is suitable for use in the production of an active catalyst 
complex. Separate production of the alumoxane component by either procedure is time consuming and 
costly. Correspondingly, the use of a separately produced ^alumoxane greatly increases the cost of 
JO producing a metallocene alumoxane catalyst. 

In accordance with the present invention the alumoxane component of the catalyst complex is prepared 
by direct reaction of an aluminum trialkyl with the material utilized as the catalyst support, namely an 
undehydrated silica gel. Silica useful as the catalyst support is that which has an average particle size less 
than about lOu. and preferably from about 0.1 to about lO.Ou. most preferably from about 4 to about 8u. 
;5 (la = lO-*m). a surface area in the range of about 10 to at>out 700 m^/g, preferably about 100-500 and, 
desirably about 20CM00 m^/g. a pore volume of about 3 to about 0.5 cc/g and preferably 2-1 cc/g. and an 
adsorbed water content of from about 5 to about 20 weight percent preferably from about 8 to about 15 
' weight percent. The term "undehydrated silica-geP is used herein not only to indicate silica gel which 
contains a level of water as may be obtained by the adsorption of water vapour by silica in its usual 
20 manufactunng and handling process but also, of course, silica gels with comparable levels of water 
adsorption in which the water content has been raised or lowered to a desired level by an additional drying 
or water adsorption step. Hereafter and including the claims, silica having the above identified properties is 
referred collectively to as "undehydrated silica gel". 

Undehydrate silica gel. as defined above, is added over time, about a few minutes, to a stirred solution 
25 of aluminum trialkyl, preferably trimethyl aluminum or triethyl aluminum, in an amount sufficient to provide a 
mote ratio of aluminum trialkyl to water of from about 0.5 to 1.5. preferably about 0.8 to 1-2. The solvents 
used in the preparation of the catalyst system are inert hydrocarbons, in particular a hydrocarbon that is 
inert with respect to the catalyst system. Such solvents are well known and include, for example, isobutane. 
____butane. pentane. hexane. heptane, octane, cyclohexane. methylcyclohexane. toluene, xylene and the like, 
To" however the aliphatic solvents are preferred. Each alkyi group in the aluminum tnalkyi preferably contains 1 
to 6 carbon atoms. Examples of aluminum trialkyl suitable for use are tripropyl aJuminum. tii-n-butyl 
aluminum, tri-isobutyl aluminum, tri(2-methylpentyl) aluminum, trihexyl aluminum. Also suitable, although 
less preferred, aluminum trialkyis are tri-n-octyl aluminum and tri-n-decyl aluminum. 

Upon addition of the undehydrate silica gel to the solution of aluminum trialkyl. the water content of the 
j5 silica gel controllably reacts with the aluminum trialkyl to produce an alumoxane which is deposited onto the 
surface of the silica gel particles. Although the reaction of the aluminum trialkyl with the water content of the 
silica gel proceeds relatively quickly (generally witiiin about 5 minutes), it does not occur with the exptosive 
quickness of that which occurs with free water. The reaction may bo safely conducted in conventional 
mixing equipment under a mantie of inert gas. 
40 Thereafter a metallocene is added to the stirred suspension of alumoxane silica gel product m an 
amount sufficient to provide a mole ratio of aluminum to transition metal of from about 1000 to atx>ut 1. 
preferably from about 500 to about l0*and most preferably from about 100 to about 20. The mixture is 
stirred for about 30 minutes to about one hour at ambient or an elevated temperature of about 75 C to 
permit the metallocene to undergo complete complexing reaction with the adsorbed alumoxane. 
45 Foliowmg the addition of the metallccene to the alumoxane adsorbed on the silica gel solids, the solvent 

is removed by filtering or evaporation, and the residual solids are dned to a free-flowmg powder. Drying can 
be accomplished by any means known in the art. The free flowing powder comprises a silica gel supported 
metallocene alumoxane catalyst complex. The average particle size of the free flowing powder is less than 
I0u. The dned composition exhibits a high level of catalytic activity useful for high pressure and'or high 
50 temperature olefin polymerizations. 

The order of addition between the undehydrate silica gel and the aluminum trialkyl is .mporiant with 
regards to the activity of the supported catalyst which results upon addition of the metallocene. A supported 
catalyst composition of poor activity results wherein an aluminum trialkyl is added to a stirred solvent 
suspension of undehydrated silica gel. It has been found that to prepare a supported catalyst composition 
55 of acceptable or high activity the order of mixing must be one wherein the undehydrated silica gel is added 
to a sttrred solution of the aluminum trialkyl. It is believed that this order of mixing forces the aluminum 
trialkyl to undergo reaction in the context of a transient localized excess of aluminum trialkyl compared to a 
transient localized deficiency of water. Under a mixing condition which slowly adds undehydrated silica ge 
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to a stirred solution oi aJummum tnaJkyl. ttie bulk content of ttie 2iuminum triaJkyI converts to an aiumoxane 
with a degree of oligomenzation of about 6-25 <y = 6-25). Production of an aiumoxane wrth this degree of 
oligomenzabon results m a final metailocene aiumoxane catalyst complex of useful or high activity. A 
reverse order of mixing, that is, addition of an aluminum thaikyi to a stirred solvent suspension of 

5 undehydrated silica gel yields a catalyst which has a poor degree of catalytic activity. 

In addition to the importarx:e of proper mixing order m achieving a supported catalyst of useful activity, 
it has also been observed that the water content of the undehydrated silica gel influences final catalyst 
activity. Hence the undehydrated silica gel should have an adsorbed water content of from about 5 to about 
20 weight percent. Preferably the adsort>ed water content shoukl be from about 8 to about 15 weight 

w percent. Maximum catalyst activity for a given metailocene component is generally observed wherein the 
adsorbed water content of the undehydrated silica gel used as a support is from about 8,0 to about 1 5.0 
weight percent. 

Further influencing the degree of activity attained m the final supported catalyst complex is the mole 
ratio ot aluminum tnalkyi to the adsorbed water content of ti^e undehydrated silica gel. The quantities of 

15 atuminum tiialkyi empk)yed should, in companson to the quantity of undehydrated silica gel of specified 
adsorbed water content be selected to provide a mole ratio of aluminum ti-ialkyl to water of from about 0.5 
to about 1.5, preferably from about 0.8 to about 1-2. It has l^een observed that for a given metailocene, a' 
maximum catalyst activity is generally observed in the aluminum tiialkyi to water mole ratio range of about 
0.8 to at>out 1.2, depending upon the particular aluminum ti-ialkyl selected for use. 

20 Also influenang the cost of production and the level of catalytic activity obtained in the final supported 
catalyst complex is the mole ratio of aluminum to transition metai of the metailocene comp>onent. The 
quantity of metailocene added to the aiumoxane adsort>ed silica gel solids shoukj be selected to provide an 
aluminum to transition metal mole ratio of from about 1000 to atX5ut 1. preferably from about 500 to at>out 
10. and most preferably from atx>ut lOO to atxxjt 20. From the standpoint of economic considerations it is 

25 desirable to operate in the lower range of the aluminum to transition metaJ mole ratio in order to minimize 
the cost of catalyst production. The procedure of this invention is one which provides the maximum 
conversion of the aluminum tiialkyi component to the most efficacious form of aiumoxane, hence permits 
the safe production of a supported metailocene aiumoxane catalyst of useful activity with low quantities of 
the costly aluminum trialkyi component. 

JO By appropnate selection of the type and relative amounts of the metailocene and the aluminum trialkyi 

cocatalyst precursor, one can attain by the present method the particular active catalyst complex desired 
for any application. For example, higher concentrations of aiumoxane in the catalyst system generally result 
tn higher molecular weight polymer product. Therefore, when it is desired to produce a high molecular 
weight polymer a higher concentration of aluminum ti^ialkyl is used, relative to the metailocene. than when it 

35 IS desired to produce a lower molecular weight matenal. For most applications the ratio of aluminum in the 
aluminum alkyi to total metai in xhe metailocene can be in the range of from at>out 500 to atout 10. and 
preferably about 100 to about 20. 

In polymerization of olefins, hydrogen is often employed in order to control the desired molecular 
weight of the polymenc end product. Unfortunately, hydrogen has a destiuctive effect on the cartxin lined 

40 walls of the reactors used in high pressure and/or high temperature polymerization. It has been discovered 
that the molecular weight of the desired polymeric product can be controlled with the catalyst complex of 
this invention by monitoring the temperature in the reactor. In particular, a direct linear relationship exists 
between the molecular weight of the polymer obtained from the catalyst complex of this invention and the 
reactor temperatijre. The molecular weight of the polymer decreases with an increase in reactor tempera- 

45 ture. 

The molecular weight of the polymer product can also be controlled by the judicious selection of 
substituents on the cyclopentadienyi ring and use of ligands for the metailocene. Further, the comonomer 
content can be controlled by the judicious selection of the metailocene. Hence, by the selection of catalyst 
components it is possible to tailor the polymer product with respect to molecular weight and density. 

50 The dried, free flowing powder, prior to feeding into the catalyst feeding pump of the reactor, is added 

to an inert solvent, for example, hydrocarbon solvents such as hexane or heptane, to form a slurry. As 
stated atx)ve. it ts essential that the settling rate of the catalyst in the hydrocartX)n slurry be very slow 
relative to the flow rate through the catalyst lines feeding the high pressure reactor since a high settling rate 
results in plugging of the line and erratic feeding. The catalyst complex of this invention of small particle 

55 size eliminates all concerns regarding settling and results in a stable suspension of catalyst. 

The polymers prepared with the catalyst complex and by the method of this invention are homo- 
polymers of ethylene and copolymers of ethylene with higher alpha-olefins having from 3 to about 18 
carbon atoms and preferably 4 to 8 carbon atoms. Illustrative of the higher alpha-olefins are butene-1. 
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hexen©-1. and octene-1. Elastomers can also be prepared by copolymerizing ethylene and dienes. 
preferably those having up to 10 carbon atoms. The oolymeriration is normally conducted under tempera- 
tures from about 100* C to about 300* C and pressures of about 10.000 to about 30.000 psig. 



Example 1 

Undehydrated silica .gel was employed in accordance with the procedure of this invenuon to prepare a 
silica gel supported bis(n-butylcyclopentadienyl)2irconium dichioride (tnBuCpl2ZrCl2)-methyl alumoxane 

10 caUlyst complex, as follows: . . ^ „, m 

A 1 liter three neck flask equipped with a magnetic stirring bar was charged with 200 ml of dned and 

degassed heptane. 

One hundred-thirty (130) milliliters of trimethylaluminum/heptane solution (1.6 M) heptane was then 
Charged into the flask. Thereafter 55g of undehyorated silica gel (Davison Syloid 221 with average particle 

/5 size of 6.5LL) which contains 7.2 weight percent water was added slowly into the flask through a solids • 
addition vessel. The resulting mixture was allowed to react under stirring at room temperature for 1 hour. 
Thereafter 1.25g of bis(n-butylcyclopentadienyl) zirconium dichloride ([nBuCpkZrClz) dissolved in 120 ml 
heptane was inj^ed into the flask and the resulting mixture was allowed to react k room temperature 
under stirring for 30 minutes. The volatile solvent was then removed by nitrogen purging wh.le the flask was 

?o heated to a drying temperature of 75* C in an oil bath until the contents of the flask became solid. The 
mixture was then dried to a free flowing powder by vacuum drying at ambient temperature. 

Example 2 /» 

The procedure of Exampte 1 was followed with the exception that 52 g undehydrated silica gel (Davison 
Syloid 221 with average particle size of 6.5u) was added. 

30 Example 3 

The proceaure of Exampte 1 was followed with the exception that 54 g undehydrated silica gel (Davison 
Sylotd 221 -with average particle size of 6.5u) was added. 
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Example 4 



The procedure of Example 1 was followed with the exception that one hundred-thirty (130) milliliters of 
thethytaluminum/heptane solution (1.54M) was charged to the flask and the drying temperature was 55 C. 



Example 5 



The procedure of Example 4 was followed with the exception that 57 g undehydrated silica gel (Davison 
45 Syloid 221 with average particle size of 6.5a) was added. 



Example 6 



50 



55 



The procedure of Example 5 was followed w.th the exception that the drying temperature was 80 C. 
Catalyst Test A 

The activity of the catalyst powders of Examples ^ to 6 were determined at ambient temperature and 
ethylene gas pressure of 5 psig by the following procedure. A 150 milliliter vial was freshly cleaned, heaiw 
to 130' C for 6 hours, cooled to room temperature and flushed with n.trogen for 10 minutes. The v.ai w 
nrov.ded w.th a magnetic stirring t^ar and 2 5 grams ot catalyst composition was charged .nto the v.a . 
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ambient temperature ethylene gas was fed into the vial. Polymenzation of the ethylene was ailowed to 
proceed for 30 minutes. The yiekj of poiyethyiene obtained with each catalyst composition ts reported m 

Table I. 

TABLE I 



CATALYST TEST RESULT 


Catalyst 


Pressure" 


^ Amount 




(psig) 


Polyethylene 






Formed, g 


Example 1 


0 


2.2 


2 


0 


2.1 


3 


0 


2.0 


3 


5 


3.3 


4 


5 


1.5 


5 


5 


16 


6 


5 


10 



Example 7 

The procedure of Example 4 was followed with the exception that 50 g undehydrated silica gel 
(Crosfietd Chemicals HP-34 with average particle size of 4.0a) which contains 8.1 weight percent water was 
added and 1.25 g of [n-BuCpkZrClj dissolved »n 120 ml heptane was reacted with 5 ml of 
trimethylaluminum/heptane solution (1.6 M) before it was added into the flask. 



Catalyst Test B 

The activity of the catalyst of Example 7 was determined in a 1000 ml steel autoclave reaction vessel 
which was equipped to pertorm continuous polymerization at pressure up to 36.000 psi and temperature up 
to 300* C. The reaction system was supplied wuh a thermalcouple and pressure transducer to measure 
temperature and pressure continuously, and with means to supply continuously purified compressed 
ethylene, hydrogen, and 1-butene. Equipment for continuously introducing a measured flow of catalyst 
solution and equipment for rapidly venting and quenching the reaction and of collecting the polymer product 
were also a part of the reaction system. In this Example, the polymerization was peHormed with a molar 
ratio of ethylene to l-butene of 1.8 without the addition of a solvent. In this Example, the temperature of the 
cleaned reactor containing ethylene and 1-butene was equilibrated at the desired reaction temperature of 
180* C. The catalyst solution was prepared by mixing 102 g of solid catalyst with 5.0 liter of heptane soWent 
and 0-5 liter of 2 wt% methylalumoxane in toluene solution. This catalyst solution was continuously fed by a 
high pressure pump into the reactor at a rate of 540 ml/hour which resulted m a temperature of i80 Cm 
the reactor. During this run. ethylene and 1-butene were pressured into the autoclave at a total pressure of 
19.000 psi at a mass flow rate of 36.2 kg/hour. The reactor contents were stirred at 1000 rpm. The yieW of 
polymer product was 3.2 kg/hour of an ethylene- 1-butene copolymer which had weight average molecular 
weight of 46.900. a polydispersity of 2.3 and a density of 0.9190 g/ml. 



Claims 

1. A supported meiallocene alumoxane catalyst complex for the polymerization of olefins under high 
pressure, produced by: 

(a) adding a undehydrated silica gel having a particle size less than lOu to a stirred solution of an 
aluminum trialkyt in an amount sufficient to provide a mole ratio of aluminum trialkyi to water of from 0 5 to 
1 .5 and allowing the mixture to react 
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(b) adding a metatlocene to the reacted mixture; 

(c) removing the solvent: and 

(d) drying the sotids to form a free flowing powder. 

2. The catalyst of claim 1. wherein said undehydrated silica gel has a water content of from 5 to 20 
5 wetght percent, preferably from 8 to 15 weight percent. 

3. The catalyst of ctajm 1 or claim 2, wherein the mole ratio of aluminum to transition metal in said 
metallocene is from 1000:1 to 1:1- 

4. The catalyst according to any of the preceding claims, wherein said undehydrated silica gel has a 
water content of from 5 to 20 weight percent and the mole ratio of aluminum triaikyl to water is from 0:8 to 

70 1 :2- 

5. The catalyst according to any of the preceding claims, wherein the mole ratio of aluminum to 
transition metal in said metallocene is from 500:1 to 10:1. preferably from 100:1 to 20:1. 

6- The catalyst according to any of the preceding claims, wherein the aluminum tnalkyl is tnmethyl 
aluminum or triethyl aluminum. 
;5 7. The catalyst according to any of the preceding claims, wherein said undehydrated silica gel has a 
surface area of from 200 to 400 m^/g, a pore volume of from 1 to 2 cc/g. 

8. The catalyst according to any of the preceding claims, wherein said metallocene is selected from the 
group consisting of: 

(a) (Cp)mMR^ wherein Cp is a cyclopentadienyl ring. M is a Group 4b or 5b transition metal, R is a 
20 hydrocartjyf group or hydrocart^oxy group having from 1 to 20 carbon atoms, X is a halogen, and m is a 

whole numoer from I to 3. n is a whole number from 0 to 3. and q is a whole number from 0 to 3; 

(b) CsR'k)9R''s(CsR',)MQ3^; and 

(c) R"s(CsR\)2MQ' 

wherein (C^R k) »s a cydooentadienyl or substituted cyclopentadienyl. each R is the same or different and 
25 IS hydrogen or a hydrocarbyl radical containing from 1 to 20 carbon atoms, a silicon-containing hydrocarbyl 
radical, or a hydrocarbyl radical wherein two carbon atoms are joined together to form a Ca-C^ ring. R is 
C1-C4 alkylene radical, a dialkyi germanium or silicone, or an alky I phosphine or amine radical bridging two 
(CsR'ic) rmgs, Q is a hydrocarbyl radical having 1-20 carbon atoms, hydrocarboxy radical having 1-20 
carDon atoms or halogen and can oe the same or different. Q' is an aikyiidene radical having from 1 to 20 
30 carbon atoms, s is 0 or l , g is 0, 1 or 2; when g is 0, s is 0; k is 4 when s is 1 and k is 5 when s is 0 and M 
)S as defined above. 

9- The catalyst of claim ^Q wherein said metallocene is zirconocene. hafnocene or titanocene. 
10. The catalyst of claim 8 or claim 9. wherein said zirconocene is selected from the group consisting 
of cyclopentadienyl zirconium trichloride; 
J5 pentamethylcyclopentadienyl zirconium tnchloride; 
bis(cyctopentadienyl)2irconium diphenyl; 

bis(cyclopentadienyl)2irconium dichlonde; alkyi substituted cyclopentadienes, and their dihalide complexes: 
dialkyi. tnalkyl, tetra-alkyl. and penta-alkyi cyclopentadienes. and their dihalide complexes: and silicone, 
phosphorus, and carbon bndged cyclopentadiene complexes. 
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